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A systematic review examining the link between psychopathic personality traits, antisocial behavior, and neural reactivity during reward and loss processing


	Supplemental Table 1. Search terms used in four different databases to retrieve studies for review

	Antisocial behavior, psychopathy terms
	AND
fMRI terms
	AND
Reward/Loss terms
	Number of studies retrieved

	(1) Medline (PubMed)

	"Antisocial Personality Disorder"[Mesh] OR antisocial OR "Violence"[Mesh] OR violent OR "Aggression"[Mesh] OR “Psychopathic personality” OR Psychopath OR Psychopathic OR Psychopathy OR crime
	"Magnetic Resonance Imaging"[Mesh] OR “Functional magnetic resonance” OR fMRI
	"Reward" OR "Reinforcement (Psychology)"[Mesh] OR "Motivation"[Mesh] OR Appetitive OR "Punishment"[Mesh] OR punish* OR loss OR lose
	147

	(2) PsychInfo 

	"Antisocial Personality Disorder" OR antisocial OR "Violence" OR violent OR "Aggression" OR “Psychopathic personality” OR Psychopath OR Psychopathic OR Psychopathy OR crime
	"Magnetic Resonance Imaging" OR “Functional magnetic resonance” OR fMRI
	"Reward" OR "Reinforcement (Psychology)" OR "Motivation" OR Appetitive OR "Punishment" OR punish* OR loss OR lose
	188

	(3) Web of Science

	"Antisocial Personality Disorder" OR antisocial OR "Violence" OR violent OR "Aggression" OR “Psychopathic personality” OR Psychopath OR Psychopathic OR Psychopathy OR crime
	"Magnetic Resonance Imaging" OR “Functional magnetic resonance” OR fMRI
	"Reward" OR "Reinforcement (Psychology)" OR "Motivation" OR Appetitive OR "Punishment" OR punish* OR loss OR lose
	121

	(4) EMBASE

	'antisocial personality disorder'/de OR antisocial OR 'violence'/de OR violent OR 'aggression'/de OR 'psychopathic personality'/de OR ‘psychopath’ OR ‘Psychopathic’ OR 'psychopathy'/de OR 'crime'/de
	'magnetic resonance imaging'/de OR 'functional magnetic resonance' OR 'fmri'/de
	'reward'/de OR 'reinforcement (psychology)'/de OR 'motivation'/de OR appetitive OR 'punishment'/de OR punish* OR loss OR lose AND [humans]/lim AND ([embase]/lim OR [embase classic]/lim
	243

	Total before removal of duplicates and screening
	699





	Supplemental Table 2. Studies subjected to full text screen and either included or excluded from final pool 

	
	Study Authors & Year
	Peer- reviewed publication?
	fMRI Task Probes Reward Response?
	Adult Sample?
(Mean Age>18)
	Measure of antisocial behavior or psychopathy?
	Included or Excluded?
	Reason for exclusion

	1
	Bjork, Chen, & Hommer, 2012
	✔
	✔
	✔
	✔
	Included
	

	2
	Buckholtz et al., 2010
	✔
	✔
	✔
	✔
	Included
	

	3
	Carré, Hyde, Neumann, Viding, & Hariri, 2013
	✔
	✔
	✔
	✔
	Included
	

	4
	Contreras-Rodríguez, et al., 2015
	✔
	✘
	✔
	✔
	Excluded
	No Reward Task

	5
	Crowley et al., 2015
	✔
	✘
	✘
	✔
	Excluded
	Task probes risky decision making; Mean sample age <18

	6
	DeWitt, Aslan, Filbey, 2014
	✔
	✘
	✘
	✔
	Excluded
	Task probes risky decision making; Mean sample age <18

	7
	Finger et al., 2011
	✔
	✔
	✘
	✔
	Excluded
	Mean sample age < 18

	8
	Geurts, von Borries, Volman, Bulten, Cools, & Verkes, 2016
	✔
	✔
	✔
	✔
	Included
	

	9
	Gregory et al., 2015
	✔
	✔
	✔
	✔
	Included
	

	10
	Muller et al., 2007
	✘
	✔
	✘
	✔
	Excluded
	Conference Proceedings; Mean sample age < 18

	11
	Oberlin et al., 2012
	✔
	✔
	✔
	✔
	Excluded
	Primary recruitment criterion of pedophilia and sex offenses

	12
	Prehn et al., 2013
	✔
	✘
	✔
	✔
	Excluded
	Task probes risky decision making

	13
	Pujara, Motzkin, Newman, Kiehl, & Koenigs, 2014
	✔
	✔
	✔
	✔
	Included
	

	14
	Skibsted et al., 2015
	✘
	✘
	✔
	✔
	Excluded
	Conference Proceedings; Task involved punishing others

	15
	Veroude et al., 2016
	✔
	✔
	✘
	✔
	Excluded
	Mean sample age < 18 

	16
	Völlm et al., 2010
	✔
	✔
	✔
	✔
	Included
	





	Supplemental Table 3. Studies subjected to full text screen and either Included or Excluded from Expanded Pool 

	
	Study Authors & Year
	Peer- reviewed publication?
	fMRI Task Probes Reward or Punishment?
	Mean Age > 17
	Measure of antisocial behavior or psychopathy?
	Original: Included or Excluded?
	Expanded: Included or Excluded?
	Reason for exclusion

	1
	Bjork, Chen, & Hommer, 2012
	✔
	✔
	✔
	✔
	Included
	Included
	

	2
	Bjork, 2016
	✘
	✔
	?
	✔
	Excluded
	Excluded
	Conference Proceedings

	3
	Blackwood, 2012
	✘
	✔
	✔
	✔
	Excluded
	Excluded
	Conference Proceedings

	4
	Buckholtz et al., 2010
	✔
	✔
	✔
	✔
	Included
	Included
	

	5
	Carré, Hyde, Neumann, Viding, & Hariri, 2013
	✔
	✔
	✔
	✔
	Included
	Included
	

	6
	Cohn et al., 2013
	✘
	✔
	✔
	✔
	Excluded
	Excluded
	Conference Proceedings

	7
	Cohn et al., 2014
	✘
	✔
	✔
	✔
	Excluded
	Excluded
	Conference Proceedings

	8
	Cohn et al., 2015
	✔
	✔
	✔
	✔
	Excluded
	Included
	

	9
	Contreras-Rodríguez, et al., 2015
	✔
	✘
	✔
	✔
	Excluded
	Excluded
	Task did not involve reward or loss

	10
	Crowley et al., 2010
	✔
	✔
	✘
	✔
	Excluded
	Excluded
	Mean sample age < 17

	11
	Crowley et al., 2015
	✔
	✘
	✘
	✔
	Excluded
	Excluded
	Task did not involve reward or loss; Mean sample age <17

	12
	Cubillo, Halari, Smith, Taylor & Rubia, 2012
	✔
	✔
	✔
	✘
	Excluded
	Excluded
	Study measured childhood CD but did not include a measure of current AB

	13
	Da Cunha-Bang et al., 2015
	✘
	✔
	✔
	✔
	Excluded
	Excluded
	Conference Proceedings

	14
	DeWitt, Aslan, Filbey, 2014
	✔
	✔
	✘
	✔
	Excluded
	Excluded
	Mean sample age < 17

	15
	Finger et al., 2008
	✔
	✔
	✘
	✔
	Excluded
	Excluded
	Mean sample age < 17

	16
	Finger et al., 2011
	✔
	✔
	✘
	✔
	Excluded
	Excluded
	Mean sample age < 17

	17
	Gan et al., 2016
	✔
	✔
	✔
	✔
	Excluded
	Included
	

	18
	Geurts, von Borries, Volman, Bulten, Cools, & Verkes, 2016
	✔
	✔
	✔
	✔
	Included
	Included
	

	19
	Gregory et al., 2015
	✔
	✔
	✔
	✔
	Included
	Included
	

	20
	Kramer, Jansma, Tempelmann & Munte, 2007
	✔
	✔
	✔
	✘
	Excluded
	Excluded
	Task did not probe individual differences in AB

	21
	Kramer, Riba, Richter & Munte, 2011
	✔
	✔
	✔
	✘
	Excluded
	Excluded
	Aggression analyses confounded by psychotropic manipulation 

	22
	Molenberghs et al., 2014
	✔
	✔
	✔
	✔
	Excluded
	Included
	

	23
	Muller et al., 2007
	✘
	✔
	✔
	✔
	Excluded
	Excluded
	Conference Proceedings

	24
	Osumi et al., 2012
	✔
	✔
	✔
	✔
	Excluded
	Included
	

	25
	Oberlin et al., 2012
	✔
	✔
	✔
	✔
	Excluded
	Included
	

	26
	Passamonti et al., 2008
	✔
	✘
	✔
	✔
	Excluded
	Excluded
	Task did not involve reward or loss

	27
	Prehn et al., 2013
	✔
	✔
	✔
	✔
	Excluded
	Included
	

	28
	Pujara, Motzkin, Newman, Kiehl, & Koenigs, 2014
	✔
	✔
	✔
	✔
	Included
	Included
	

	29
	Schneider et al., 2000
	✔
	✘
	✔
	✔
	Excluded
	Excluded
	Task investigated classical conditioning 

	30
	Skibsted et al., 2015
	✘
	✘
	✔
	✔
	Excluded
	Excluded
	Conference Proceedings; Task did not involve reward or loss

	31
	Veroude et al., 2016
	✔
	✔
	✘
	✔
	Excluded
	Included
	

	32
	Vieira et al., 2014
	✔
	✔
	✔
	✔
	Excluded
	Included
	

	33
	Völlm et al., 2010
	✔
	✔
	✔
	✔
	Included
	Included
	

	34
	Völlm 2011
	✔
	✔
	✔
	✔
	Excluded
	Excluded
	Not in English

	35
	Völlm et al., 2007
	✔
	✔
	✔
	✔
	Excluded
	Included
	

	36
	White et al., 2013
	✔
	✔
	✘
	✔
	Excluded
	Excluded
	Mean sample age < 17

	37
	White, Brislin, Sinclair, & Blair, 2014
	✔
	✔
	✔
	✘
	Excluded
	Excluded
	Did not measure individual differences in AB

	38
	White et al., 2014
	✔
	✔
	✘
	✔
	Excluded
	Excluded
	Mean sample age < 17

	39
	White et al., 2016
	✔
	✔
	✘
	✔
	Excluded
	Excluded
	Mean sample age < 17




Supplemental Table 4
Summary of Findings of Reward and Loss Processing in Antisocial Behavior/Psychopathy in Community and Clinical Samples: Expanded Sample
	

	Sample,
n Male
	Measure
	Task/ Reward
	Type/Phase
	Reward Contrast
	Results

	Loss Contrast 
	Results
	Summary

	Community/Healthy Samples

	Molenberghs et al., 2014
	Total n=48 (24 M)
	Self-Report
SRP-III
	In group/out group 

Monetary
	Electro shock, reward or nothing delivered to others


	
	Associations with psychopathy were not reported in reward conditions











	Shock > Neutral 








Shock outgroup > Neutral outgroup



Shock ingroup > neutral ingroup
	SRP-III: ↓mPFC/dorsal ACC (Z=2.53, P=.03), lateral OFC/anterior insula (Z=2.57, P=.03; Z=2.60, P=.03), right posterior superior temporal sulcus (Z=2.61; P=.03)

SRP-III: ↓mPFC/dorsal ACC, lateral OFC/anterior insula, right posterior superior temporal sulcus (r=.34, P=.01) 

SRP-III: ns 
	Psychopathic traits were related to decreased activity in mPFC/dorsal ACC, lateral OFC/anterior insula, right posterior superior temporal sulcus
when punishing others, especially when they were out-group members.

	Osumi et al., 2012





















	Total n=20 (20 M)
	Self-Report
Primary & Secondary Psychopathy Scales 
	Blocked task 

Dictator Game: received fair/unfair monetary offers 

Ultimatum Game: accept or reject fair/unfair offers
	
	
	
	Unfair > fair







Ultimatum > Dictator (i.e., effect of punishment availability)
	Psychopathic traits: ↓right amygdala (Z=4.69), thalamus (Z=4.83), & left superior parietal lobule (Z=4.88) at uncorrected p<.001

Psychopathic traits: ↓right putamen (Z=4.96), middle temporal gyrus (Z=4.83), & left superior temporal gyrus (Z=5.1) at uncorrected p<.001

Psychopathic traits: ↓functional connectivity between right amygdala seed & putamen (Z=5.25), VS (Z=4.34), substantia nigra (Z=4.71), posterior cingulate (Z=5.21), insula (Z=3.74), superior temporal gyrus (Z=4.21) at uncorrected p<.005
	Psychopathic traits were related to decreased activity in the amygdala, thalamus and left superior parietal lobule to unfair offers. Psychopathic traits were related to reduced activity in putamen, middle temporal gyrus, and superior temporal gyrus and reduced functional connectivity between dopaminergic regions and the amygdala during trials in which participants could punish unfair offers. 

	
	Sample,
n Male
	Measure
	Task/ Reward
	Type/Phase
	Reward Contrast
	Results

	Loss Contrast 
	Results
	Summary

	Vieira et al., 2013
	Total n=36 (16 M) 

Community, oversampled for high psychopathy 

High and Low Psychopathy scorers (median split) 
	Self-Report
Triarchic Psychopathy Measure
	Ultimatum Game: accept or reject fair/unfair offers with and without cognitive load

Tokens to be converted into money
	
	
	
	Unfair > Fair 












Effect of cognitive load
	Low Psychopathy: higher acceptance rates related to ↑left dlPFC reactivity at uncorrected p<.001, k=10

Lower fairness ratings linked to ↑left dlPFC reactivity at uncorrected p<.001, k=10

High Psychopathy: higher acceptance rates linked to ↓rostral ACC/OFC reactivity at uncorrected p<.001, k=10

Higher fairness ratings (of unfair offers) linked to ↑right medial frontal gyrus. ↑left dlPFC at uncorrected p<.001, k=10





	[bookmark: _Hlk489012097]Acceptance of unfair offers related to increased activity in dlPFC in low scorers and reduced OFC/ACC activity in high scorers.

	
	Sample,
n Male
	Measure
	Task/ Reward
	Type/Phase
	Reward Contrast
	Results

	Loss Contrast 
	Results
	Summary

	Clinical Samples

	Gan et al., 2016
	Total n=18 (18 M)
IED: n=9
(4 IED; 5 subclinical IED)
Controls (n=9)
	Interview
IED-interview
	Point subtraction aggression program 

Monetary 


	Reward and Retaliatory responding

Blocked Design
	Reward> Retaliation 
	IED>Controls: ↑anterior insula (T=4.25), putamen (T=4.76) & left inferior frontal operculum (T=4.22) and ↓OFC (T=4.78) & right precuneus (T=4.24) at uncorrected peak-level p<0.001

IED>Controls in VS ROI: ns
	N/A
	N/A
	Reactively aggressive individuals had increased reactivity in the salience network and decreased reactivity in the default-mode network compared to controls

	Oberlin et al., 2012
	Total n=30 

Heavy drinkers
	Self-Report
Antisocial trait Density and Externalizing subscale of Semi-Structured Assessment for the Genetics of Alcoholism 
	Blocked 

Olfactory Reward

	Alcohol Odor,
Appetitive control odor,
Non-appetitive odor
	Alcohol Odor > Appetitive Control Odor




Alcohol Odor > Non-appetitive Odor

Appetitive Control Odor > Non-appetitive Odor
	AB: ↓mPFC (Z=4.32, pFWE=.004) and amygdala (left Z=4.01, pFWE=.004; right Z=3.64, pFWE=.016), ↑left dorsal anterior putamen (Z=3.76, pFWE=.04)

AB: ↓left medial OFC (Z=3.95, pFWE=.011)



AB: ↓dorsal middle insula (Z=4.30, pFWE=.008), right dorsal anterior putamen (Z=3.93, pFWE=.021) & right mPFC (Z=4.60, pFWE=.001)
	N/A
	N/A
	AB related to decreased activity in mPFC and amygdala and increased putamen to alcohol odors and appetitive odors; decreased amygdala and OFC activity was specific to alcohol odors

	Veroude et al., 2016
	Total n=328
(185 M)

ADHD+
ODD/CD: n=40 (30M)

ADHD: n=101 (68M) 

Siblings of ADHD subjects: n=84 (38M)

Typically Developing: n=102 (48M)
	Interview
KSADS

Self-Report
Connors

Inventory of Callous Unemotional Traits
	MID

Monetary
	Reward 

Anticipation and Receipt
	Reward Anticipation> No Reward Anticipation









Reward Receipt > No Reward
	CU traits: ↓ventral & dorsal mPFC (F=4.96, p=.03)

CD/ODD diagnosis: ns

CU traits x ADHD symptoms: ns

Group-based difference in mPFC: ns, but was strongest for typically developing group

CU traits: ns

CD/ODD diagnosis: ns

CU traits x ADHD symptoms: ns

Group-based difference in mPFC: ns
	N/A
	N/A
	In total sample, CU traits were related to decreased activity in mPFC during Reward Anticipation. Group based analyses on the link between CU traits and mPFC activation were non-significant. Correlation between CU traits and mPFC activity was strongest for typically developing group. 

	
	Sample,
n Male
	Measure
	Task/ Reward
	Type/Phase
	Reward Contrast
	Results

	Loss Contrast 
	Results
	Summary

	Inpatient/Incarcerated Samples

	Cohn et al., 2015
	Total n=128
History of offending before age 12

DBD persisters (p) (n=22; 10 CD, 12 ODD)

DBD desisters (d) (n= 23; previous dx, but no current DBD)

Matched Controls (n=23)
	Interview
Diagnostic Interview Schedule for Children 

Self-Report
YPI
	MID


Monetary
	Reward & Loss

Anticipation & Consumption
	Reward Anticipation > Neutral Anticipation







Reward Win> No Reward Win
	DBD-p vs. DBD-d & Controls: ns

DBD-p vs. DBD-d: ns

DBD-p vs. Controls: ns

DBD symptoms: ns

YPI: ns

DBD-p vs. DBD-d & Controls: ↓right VS (Z=-3.60, pFWE=.009)

DBD-p vs. DBD-d: ↓right VS (Z=-3.08, pFWE=.04)

DBD-p vs. Controls: ↓right VS (Z=-3.39, pFWE=.018)

DBD sx: ns

YPI: CU traits ↓left amygdala (Z=-3.17, pFWE=.03); grandiose-manipulative and impulsive-irresponsible were ns
	Loss Anticipation > Neutral Anticipation








Loss> No Loss
	DBD-p vs. DBD-d & Controls: ns

DBD-p vs. DBD-d: ns

DBD-p vs. Controls: ns

DBD sx: ns

YPI: ns

DBD-p vs. DBD-d and Controls: ↑right amygdala (Z=3.58, pFWE=.011)

DBD-p vs. DBD-d: ↑right amygdala (Z=3.05, pFWE=.047)

DBD-p vs. Controls: ↑right amygdala (Z=3.45, pFWE=.016)

DBD sx: ns

YPI: ns 
	DBD persistence unrelated to neural response during reward anticipation. 
CU traits related to decreased left amygdala activity
DBD persistence related to increased right amygdala activity

	Prehn et al., 2013
	Total n=36 (36M)

EHO: Inmates with APD + high PCL-R factor 1 score n=11

EHE: Inmates with APD + Borderline Personality Disorder + low PCL-R factor 1 score n=12

Healthy Controls n=13
	Interview
International Personality Disorder Examination
PCL-R


	Risky-Decision Making Task (stocks and bonds)

Monetary
	Reward and Loss

Anticipation/ Uncertainty 
Consumption
	Parametric Uncertainty















Trials Preceding risk avoidant decisions







Choosing Bonds

Choosing Stocks

Gains vs. Bond
	EHO vs. Controls: ↓right rostral ACC (Z=4.06 & Z=3.34) & left precentral gyrus (Z=4.14 & Z=3.86) 

EHE vs. Controls: ↑left cerebellum (Z=3.69) at uncorrected p<0.001, k=10

EHE vs. EHO: ↑left cerebellum (Z=5.19) & middle occipital gyrus (Z=3.84 & Z=3.78) at p<0.001, k=10

EHO vs. Controls: ↓right IFG (Z=4.19) at p<0.001, k=10

EHE vs. Controls: ns

EHE vs. EHO: ↑right inferior occipital gyrus (Z=3.56) at p<0.001, k=10

EHO vs. Controls: ↓IFG (ROI analysis)

EHO vs. Controls: ↑IFG (ROI analysis)

EHO vs. Controls: ↓right inferior parietal lobe (Z=4.44 & 3.66), left superior temporal gyrus (Z=3.80) at p<0.001, k=10

EHE vs. Controls: ↓right inferior parietal lobe (Z=3.97) at p<0.001, k=10

EHE vs. EHO: ↓rostral anterior cingulate (Z=3.73) at p<0.001, k=10
	Loss vs. Bond
	EHO vs. Controls: ↓left ACC (Z=3.86); ↑brainstem/pons (Z=3.91)

EHE vs. Controls: increased in bilateral occipital lobe (right, Z=3.48; left, Z=3.44)

EHE vs. EHO: ns
	[bookmark: _Hlk489008430]EHO offenders had reduced activity in the right rACC in response to uncertainty and in the right IFG during consecutive adaptation behavior (i.e., choosing bonds)

	
	Sample,
n Male
	Measure
	Task/ Reward
	Type/Phase
	Reward Contrast
	Results

	Loss Contrast 
	Results
	Summary

	Vollm et al., 2007
	Total n = 22
(22M)

Patients with APD and/or Borderline Personality Disorder (n=8) 

Healthy controls (n=14)
	Interview
SCID-II
	Reward receipt task

Monetary
	Reward and Loss 

Blocked design
	Reward > No Reward
	Controls vs. Patients: ↑ medial OFC (Z=4.01, pFWE<.05), right frontal pole (Z=3.29), left dlPFC (Z=3.29), ACC (Z=3.42), posterior cingulate (Z=3.49), temporal cortex (Z=3.37 & Z=3.40),  right occipital cortex (Z=3.18), precuneus (Z=3.53) at p<.001 uncorrected
 
Patients vs. Controls: ↑left postcentral gyrus (Z=3.81), right cerebellum (Z=3.30), medial frontal cortex extending to amygdala (Z=3.21, right, Z=3.12, left) and locus coeruleus (Z=3.36) at p<.001 uncorrected

Impulsivity in patients: ↓right posterior lateral OFC
	Loss > No Loss
	Controls vs. Patients:
↑dlPFC (Z=4.01, left pFWE<.05; Z=3.29, right,  p<.001 uncorrected), left precentral gyrus (Z=4.37), occipitotemporal cortex (Z=3.32, right, Z=3.34, left), precuneus (Z=3.31, right, Z=3.36, left), left posterior parahippocampal gyrus (Z=3.42) at p<.001 uncorrected

Patients vs. Controls:
↑mPFC (Z=3.90, right, Z=3.20, left), left middle frontal cortex (Z=3.55), right anterior/middle cingulate (Z=4.18), right superior temporal cortex (Z=3.33), occipital cortex (Z=3.61, right, Z=3.59, left), right postcentral gyrus (Z=3.28), right inferior parietal cortex (Z=3.79), and cerebellum (Z=3.50, right, Z=3.25, left) at  p<.001 uncorrected

Impulsivity in patients: ↓right posterior lateral OFC
	Absence of significant prefrontal activity and reduced signal in subcortical reward system in patient group during rewards

[bookmark: _Hlk489012873]Reduced lateral prefrontal and increased medial prefrontal activity in patient group during losses

Impulsivity scores negatively correlated with prefrontal responses to reward and loss in patient group but not controls


AB = antisocial behavior, ACC = anterior cingulate cortex, ADHD = attention-deficit/hyperactivity disorder, APD = antisocial personality disorder, CD =conduct disorder, CU = callous unemotional traits, DBD = disruptive behavior disorders, dlPFC = dorsolateral prefrontal cortex, EHE = emotionally hyperactive, EHO = emotionally hypo-reactive, IED = intermittent explosive disorder, IFG = inferior frontal gyrus, KSADS = Schedule for Affective Disorders and Schizophrenia for School-Age Children, MID = monetary incentive delay task, mPFC = medial prefrontal cortex, ODD= oppositional defiant disorder, OFC = orbitofrontal cortex, PCL-R= Psychopathy Checklist Revised, PPI= psychopathic personality inventory, SCID = structured clinical interview for DSM-IV, SRP = self-report of psychopathy, VS = ventral striatum, YPI = youth psychopathic traits inventory
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